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systemic disorders of variable severity. Due to the complex III dual
genetic origin, these enzyme defects can be attributed to mutations
located either in mitochondrial or in nuclear genes. An increasing
number of speciﬁc regulatory proteins involved in the biosynthesis
of this respiratory chain complex that may also lead to complex III
deﬁciency has been described. One of these proteins is BCS1L, an
assembly factor that facilitates the insertion of the catalytic Rieske
Iron–Sulfur subunit into respiratory chain complex III. Mutations in
the BCS1L gene constitue the main cause of complex III deﬁciency. In
the search for potential biomarkers for complex III deﬁciency we
performed two-dimensional difference gel electrophoresis (2D DIGE)
followed by spot picking and subsequent protein digestion for mass
spectrometry (MS) identiﬁcation in ﬁbroblasts from four complex III-
deﬁcient patients harboring mutations in the BCS1L gene and four
independent controls. Here we report 41 proteins that are differen-
tially expressed in patients harbouring BCS1L mutations compared to
controls. These proteins are mainly related to energy metabolism,
cytoskeleton maintenance processes, regulation of DNA transcription
and replication and protein synthesis, cell cycle regulation and oxidative
stress response. Further studies are required for the validation and
functional characterization of possible biomarkers that may be of im-
portance for future diagnostic, therapeutic, and prognostic approaches in
mitochondrial disorders.
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The mitochondrial phosphorylation apparatus consists of three
protein components — ADP/ATP carrier (AAC), inorganic phosphate
carrier (PiC), and F1Fo-ATP synthase. According to some experimen-
tal evidence, these proteins of the inner mitochondrial membrane
could interact not only functionally, but also structurally [1]. Their
supercomplex called ATP synthasome would show better catalytic
efﬁciency of ATP synthesis.
To characterize interactions of AAC, PiC, and ATP synthase in
mammalian cells, we used two models of isolated ATP synthase
deﬁciency — rat brown adipose tissue with physiological deﬁciency of
ATP synthase due to low expression of Fo-c subunit and ﬁbroblast
cultures of patients with ATP synthase deﬁciency caused by a mutation
in the assembly factor TMEM70. SDS-PAGE/WB analysis of isolated
mitochondria revealed that among rat tissues, AAC and PiC are most
abundant in the tissues with high energetic demands, i.e. in heart and
skeletalmuscle. However, their amountwas also high in brown adipose
tissue despite the low content of ATP synthase. In the ATP synthase
deﬁcient patients' ﬁbroblasts, we also found a high content of AAC and
PiC that was even increased in comparison to control cells. The lack of
correlation in the contents of ATP synthase and mitochondrial carriers
AAC and PiC does not support a direct relationship in the regulation of
their biogenesis.
Simultaneously, we studied structural interactions of AAC, PiC,
and ATP synthase using various approaches. Detergent-solubilized
mitochondria were used for immunoprecipitation and native
and two-dimensional gel electrophoreses combined with either
immunodetection with speciﬁc antibodies or MS analysis. Our results
indicate that both carriers interact with monomeric and oligomeric
forms of ATP synthase. The majority of these carriers, however, are
present out of ATP synthasome, probably as dimers.
This work was supported by the Grant Agency of the Czech
Republic (grant P303/10/0P227).
Reference
[1] Y.H. Ko, M. Delannoy, J. Hullihen, W. Chiu, P.L. Pedersen, J. Biol.
Chem. 278 (2003) 12305–12309.
doi:10.1016/j.bbabio.2012.06.368
18P6
Mitochondrial complex I plays an essential role in human
respirasome assembly
C. Ugalde, D. Moreno-Lastres, F. Fontanesi, I. García-Consuegra,
M.A. Martín, A. Barrientos, J. Arenas
Instituto de Investigación and Centro de Investigación Biomédica en Red
de Enfermedades Raras (CIBERER- U723), Hospital Universitario 12 de
Octubre, Avenida de Córdoba sn, Madrid 28041, Spain
Department of Neurology, University of Miami Miller School of Medicine,
1600 NW 10th Avenue, Miami, FL 33136, USA
Department of Biochemistry, University ofMiamiMiller School ofMedicine,
1600 NW 10th Avenue, Miami, FL 33136, USA
E-mail: cugalde@h12o.es
The biogenesis and function of themitochondrial respiratory chain
(RC) involves the association of individual RC enzyme complexes into
supercomplexes or respirasomes, through a biosynthetic process
that remains largely unknown. Here we show that in human cells,
I+III2+IVn supercomplexes do not originate from the association
of fully-assembled individual holoenzymes. Rather, we demonstrate
that respirasome biogenesis involves a complex I assembly interme-
diate acting as a scaffold for the combined incorporation of free
subunits and subcomplexes from complexes III and IV. The process
ends with the association of the complex I NADH dehydrogenase
catalytic module, which leads to complex I and respirasome activa-
tion. Our studies reveal that while complexes III and IV can assemble
either as free holoenzymes or by incorporation of free subunits into
supercomplexes, the respirasomes constitute the structural units
where complex I is assembled and activated, thus explaining the
signiﬁcance of the respirasomes for RC function.
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The Translocase of the Outer mitochondrial Membrane (TOM) is a
protein complex that translocates nuclear encoded proteins into
mitochondria. The isolated TOM holo complex consists of the pore-
forming channel protein Tom40, Tom22 and the small Tom proteins
AbstractsS140
Tom5, Tom6 and Tom7. The receptors Tom20 and Tom70 are obviously
only loosely associated as proved by Blue-native PAGE/Immuno blot
studies [1]. Interestingly, there is evidence that the speciﬁc proteasome
inhibitor lactacystin elevates Tom20 protein level [2]. Furthermore, this
level might also depend on physiological demands [3]. To investigate
possible variations in Tom20/TOM assembly on the single cell level,
we searched for a method compatible with measurements in living
cells. We employed ﬂuorescence resonance energy transfer in combi-
nation with ﬂuorescence lifetime imaging microscopy (FRET-FLIM)
to investigate protein–protein interaction. Tom22 was fused to eGFPm
as FRET donor and Tom20 to DsRedm or DsRedm-Halo/TMR as FRET
acceptor. Donor and acceptor-tagged Tom22 and Tom20 were
coexpressed in mammalian HeLa cells. The average ﬂuorescence
lifetime tamp was measured in presence and absence of acceptor. A
mean FRET (E=(1− tDA/tA)×100) of 3.49±0.43 SD could be
measured between Tom20-eGFPm and Tom22-DsRedm. By using the
double acceptor construct, the determined average FRET efﬁciency
was signiﬁcantly increased (E=6.57±0.82 SD). This is an almost
twofold enhancement compared to using DsRedm as the only acceptor.
Introduction of a 20 amino acid linker between Tom20 and the
ﬂuorescent protein tags decreased the FRET efﬁciency, indicating an
unfavourable constitution for the acceptor function. For mitochondria
treated with lactacystin, a speciﬁc inhibitor of the proteasome, we
detected a signiﬁcant rise in average FRET efﬁciency. We show that
interaction between two candidate proteins of the TOM complex,
Tom22 and Tom20, fused to eGFPm and DsRedm-Halo, respectively,
can be monitored in living cells using FRET-FLIM. Moreover, we found
that speciﬁc inhibition of the proteasome apparently enhances the
assembly of Tom20 into the TOM complex, resulting in increased
FRET.
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The aerobic respiratory chain of the Gram positive bacterium
Bacillus subtilis comprehends at least six proteins. Two main electron
entry points, the alternative NADH:quinone oxidoreductase and
the succinate:quinone oxidoreductase (SDH), reduce menaquinone.
The reduced menaquinol can be oxidized by two distinct quinol:
oxygen oxidoreductases, cytochromes bd and aa3, or via the quinol:
cytochrome c oxidoreductase b1c6/caa3 cytochrome c:oxygen oxido-
reductase pathway.
The membrane fraction of B. subtilis was investigated, after
digitonin solubilization, by BN-PAGE in-gel activities, sucrose gradient
and kinetics methods, to assess the presence of supercomplexes in
the respiratory chain of this bacterium. Wild type and respiratory
chain mutant strains were compared which allowed the identiﬁcation
of a new supercomplex composed of SDH and cytochromes b1c6 and
caa3.
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Respiratory chain supercomplexes have been reported in the
past few years in both prokaryotes and eukaryotes, suggesting that
these assemblies confer advantages to the oxidative phosphorylation
processes, namely by enhancing the electron transfer efﬁciency and
creating localized proton gradients.
The Escherichia coli aerobic respiratory chain is composed of at
least six enzymes, namely type I and II NADH:quinone oxidoreduc-
tases, succinate:quinone oxidoreductase, cytochrome bo3 oxygen
reductase and type I and II cytochrome bd oxygen reductases, that
accomplish the transfer of electrons from the reducing substrates
NADH and FADH2 to oxygen, with energy conservation. Recently, our
group has identiﬁed, for the ﬁrst time, three new supramolecular
assemblies in the respiratory chain of this bacterium, a formate:
oxygen oxidoreductase supercomplex containing the aerobic for-
mate dehydrogenase (Fdo) and bo3 and bd-I oxygen reductases, a
supercomplex containing type I and II NADH:quinone oxidoreduc-
tases and a third supramolecular structure composed by succinate
dehydrogenase and cytochrome bd-II [1,2]. This was achieved by BN-
PAGE and in-gel activity detection as well as by sucrose gradient
analyses of digitonin solubilized membranes from wild type and
respiratory chain mutant strains and complemented by MALDI-TOF/
TOF and LC-MS/MS analysis.
In the scope of these results, we've investigated the prevalence of
such assemblies during the bacterial growth, complementing these
data with the study of gene transcription and enzyme activities of the
respiratory chain components. The obtained results were globally
analyzed and correlations between gene transcription, enzyme
activity and bacterial growth were established, providing a multi-
level perspective of the E. coli respiratory chain.
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